In sub-Saharan Africa only 35% of the urban population has access to a piped water connection on their premises. The majority of households obtain water from public standpipes or from neighbors who are connected to the municipal network. Water resale is often prohibited, however, because of concerns about affordability and risks to public health. Using data collected from 1,377 households in Maputo, Mozambique, we compare the microbiological quality, as well as the time and money costs of water supply from individual house connections, public standpipes, and water obtained from neighbors. Households with their own water connections have better service across virtually all indicators measured, and express greater satisfaction with their service, as compared with those using other water sources. Households purchasing water from their neighbors pay lower time and money costs per liter of water, on average, as compared with those using standpipes. Resale competes favorably with standpipes along a number of service quality dimensions; however, after controlling for water supply characteristics, households purchasing water from neighbors are significantly less likely to be satisfied with their water service as compared with those using standpipes.
Notwithstanding the prevalence of water resale, little information on the practice has been systematically collected through national surveys or scholarly research. Crane's () analysis of water resale legalization in Jakarta, Indonesia, which was based on data collected from 29 households, concluded that this policy change generally benefited consumers by lowering the time and money costs of water supply. Boyer () , who interviewed 45 consumers of resold water in Maputo, Mozambique, found that the prices for such water were comparable with those charged at standpipes, but that resale provided time savings to consumers.
The paucity of published information about water resale is understandable given its illegal or ambiguous legal status in many settings. Whereas no known review of the legality of water resale exists, the practice is reportedly prohibited in cities such as Accra, Ghana (Kjellén & McGranahan ) , Dakar, Senegal, and Bamako, Mali (Collignon & Vézina ) . In many other African cities the legal status of resale is ambiguous; there is no law that either allows or prohibits it (Keener et al. ). The rationales for prohibiting or discouraging resale are not well supported empirically, but typically center on concerns about affordability of the supply to consumers, as well as the risk to public health of permitting essentially unregulated water service provision (Kjellén & McGranahan ; Collignon & Vézina ) . The present study seeks to compare the quality, quantity, time and money costs, reliability, and accessibility of water supplied through resale with that provided through public standpipes and private household
connections. An additional objective is to model the determinants of satisfaction with water supply services among peri-urban households using a variety of water sources.
The study is based in the city of Maputo, Mozambique, and uses data collected from 1,377 households between January and March 2010. This research complements efforts by Mozambique's Water Regulatory Council (CRA) to assess the potential of water resale and the implications of its legalization for currently unconnected and low-income households.
STUDY SITE, DATA COLLECTION AND ANALYSIS METHODS
Maputo, the capital of Mozambique, had an estimated it is not deemed legal or illegal by sector policy or national law. At the time of the survey, however, 73% of households interviewed said they believed it was illegal to re-sell water in Maputo; 13% said they believed it to be legal, and 14% said they did not know.
Sample frame
Data were collected in six peri-urban neighborhoods (bairros) of Maputo with a combined population of 106,000 inhabitants. Because of information and resource constraints, it was not possible to draw a random sample of households from each neighborhood. Using mapped roads, each bairro was subdivided into parcels averaging approximately 1.5 to 2 hectares. Each parcel was classified in terms of its distance to a working standpipe and to the water utility's piped network. No secondary information was available that allowed classification of parcels in terms of water resale activity. A stratified random sample was drawn of 225 out of 313 parcels that were: (1) within 100; and (2) within 250 meters of a working standpipe; and (3) within 100 and (4) 300 meters of the municipal network. This strategy resulted in a sample of households whose nearby water supply options ranged from a single standpipe to multiple resellers and standpipes.
Within each sampled parcel, every fourth household was approached for an interview until the target number of interviews had been completed (between four and eight households in each parcel). Three attempts were made to complete an interview with a sampled household before replacing it with another household in the same parcel. Free and informed consent of each participant was obtained, and the study protocol was approved by the Institutional Review Board of Stanford University, California, USA. In addition, all data collection instruments were reviewed and approved by the National Statistical Institute of Mozambique.
Survey data collection
Sixteen college-educated Mozambican enumerators were recruited and intensively trained over a three-week period in interviewing skills, the objectives and content of the household survey, and the use of personal digital assistants 
Water sample collection and processing
Two 500-milliliter (mL) water samples were collected from a subsample of 62 households and 27 public standpipes. No water point was sampled on more than one occasion. Water points were only sampled during the morning hours when water was typically moving through the piped network. In addition, water samples were only collected on weekdays to comply with operating hours of the laboratory where samples were analyzed. Within these constraints, field team members attempted to sample every household tap and standpipe in their study area on each day of the investigation.
At the time of sampling it was not known whether a household from whom a sample was collected engaged in reselling; however, the sampled taps were located in the same neighborhoods in which resellers (using the same piped network) resided. Samples from households and standpipes in the same neighborhood were collected on the same day, i.e., sampling was carried out as the interview teams moved through the study area, identifying households for interview. All samples were collected over the course of a six-week period during Mozambique's rainy season.
Each sample was collected in a 500 mL Whirl-Pak Thio- Specifically, E. coli analysis was carried out using assay 9225 differentiation of the coliform bacteria in Standard
Methods; fecal streptococcus analysis using assay 9230 fecal streptococcus and enterococcus groups in Standard Methods;
and fecal coliform using assay 9222, fecal coliform membrane filter procedure in Standard Methods. For both E. coli and fecal coliform analyses, a volume of 100 mL was processed by membrane filtration, providing a lower and upper detection limit of 1 and 100 CFU/plate, respectively. For fecal streptococci analysis, 250 mL were filtered, providing a lower detection limit of 1 CFU/plate and an upper detection limit of 100 CFU/plate; results were subsequently converted to CFU/100 mL. If no CFUs were visible on a plate, then a value of 0.5 CFU was assigned to the plate. If there were too many CFUs to count, then the value of the upper detection limit was assigned to the plate.
Data analysis
Independent sample t-tests were used to compare mean In summary, no significant difference was found in rates or levels of contamination between standpipes and private connections with respect to the FIB measured. Nor was any significant difference found in water quality among households with private connections that do and do not re-sell water to neighbors (all p > 0.30). Note that samples were collected directly from each tap or standpipe, and not from households' stored water supplies. The data presented thus refer to measured water quality at point of collection, rather than at point of use.
Time and money costs of water supply
Respondents using neighbor's taps and standpipes were Across all households that purchase water from a neigh- (Table 3) .
On average, households who obtain water from their neighbors consume an average of 28.3 LPCD (median of 24), which is not significantly different from the amount used by households obtaining water from standpipes (all p > 0.20).
As expected, water usage by neighbor's tap users is significantly less than that of households with a private connection, who use an average of 54.7 LPCD (t ¼ 11.56, df ¼ 978, p < 0.01). Note that the estimated volumes presented in Table 3 include total household usage from a private connection, a neighbor's tap, public standpipes, and own or a neighbor's borehole. Restricting the analysis to only the principal water source did not lead to substantively different conclusions about the differences in water usage across the groups.
Respondents were asked how many hours per day, and how many days per week, water is available at each source Respondents using neighbors' taps and standpipes were asked whether they would be able to obtain credit and delay the payment of their water fees to the individual from whom they normally obtain water. Sixty-six percent of neighbor's tap users as compared with only 25% of standpipe users reported that they would be able to obtain such credit if needed (t ¼ 11.45, df ¼ 613, p < 0.01). Similar data were not collected from households with their own water connections; however, it can be noted that 52% of the 332 water bills presented by members of this group indicated some unpaid balance.
User satisfaction
Following the detailed questions about the characteristics of each water source available in their neighborhood, respondents were asked how satisfied their households are overall with their current water supply situation. Answers were coded as 'very satisfied', 'satisfied', 'neither satisfied nor dissatisfied', 'dissatisfied', or 'very dissatisfied'. Twentytwo percent of neighbor's tap users, 28% of standpipe users, and 70% of private connection owners self-reported being 'satisfied' or 'very satisfied' with their water supply situation. Answers were dichotomized into two categories ('satisfied' and 'neutral/dissatisfied') for multivariate analysis purposes. Using a binary logit model, we examine factors that are associated with respondents' satisfaction with their water supply service. The reduced model results of this analysis are presented in Table 4 (full results available in the Supporting Information, available online at: http:// www.iwaponline.com/jwh/009/031.pdf).
In accordance with a priori expectations, time and money costs are significantly and negatively associated with user satisfaction. For each additional household-hour of water fetching effort per day, a respondent is 1.15 times less likely to report satisfaction with water supply services, all else held constant. A US$1 increase in the price per cubic meter paid is associated with a 1.3-fold decrease in the odds of being satisfied. In addition, having predictable water services is positively associated with user satisfaction; respondents who reported that their water supply is reliable are almost four times more likely to be satisfied with their service as compared with households without a reliable water supply.
The interaction of number of hours for which water is available and having a private water connection is significantly associated with satisfaction for private connection users, suggesting that these households attach a greater value to an additional hour of service as compared with neighbor's tap users. This result is unexpected given the much higher average number of hours of service that private tap owners enjoy relative to neighbor's tap users. By contrast, the interaction of number of hours of service and having a standpipe as the principal water source is not significant. Respondents who said they were dissatisfied with their household's water supply situation were asked follow-up questions about the reasons for their discontent (Table 5) .
Multiple responses were permitted to this unprompted question. Sixty-three percent of dissatisfied neighbor's tap users indicate that they dislike being dependent on their neighbors for water supply services. The other two most commonly cited reasons for dissatisfaction of neighbor's tap users are the time at which water is supplied (33%) and the long time needed to fetch water (31%). Similarly, dissatisfied standpipe users also complain about the time needed to fetch water (52%), and the time at which water is supplied (26%). The second most commonly cited reason for dissatisfaction in this group, however, is the limited quantity of water their households are able to obtain (27%). For the 
